It has been demonstrated previously that urine flow in the recumbent near-term pregnant woman is appreciably less when she is lying on her back than when she is lying on her side and that without change of position the relative oliguria persists for several hours before it is overcome (1, 2) .
The present report extends the observations on the effect of position on urine flow to include studies of sodium and potassium excretion, effective renal plasma flow, and glomerular filtration rate in near-term normal pregnant women, in women with eclamptogenic toxemia of pregnancy, and in women with large abdominal neoplasms originating in the pelvis. Attempts have been made to determine the mechanism by which the various observed changes in renal function are produced.
METHODS
Studies were made 11 times in 10 near-term normally pregnant women and 13 times in 8 women with preeclampsia. In most of these studies the excretion of sodium and potassium, the effective renal plasma flow (RPF) and the glomerular filtration rate (GFR) were measured. In one normal and one preeclamptic pregnant woman the observations were repeated following the insertion of large-bore heavy-walled ureteral catheters into both ureters well above the level of the pelvic brim. Similar renal function studies were made in two women who had large abdominal neoplasms arising from the pelvis, one an ovarian serous cystadenocarcinoma and the other a uterus containing multiple fibromyomas. Both tumors were approximately the size of a uterus at 32 to 34 weeks' gestation. Seven patients who had either delivered 7 or 8 days previously or who had undergone total hysterectomy 9 or 10 days before were also observed. Three subjects of this group had been studied previously while pregnant.
All medications were stopped the night before; 2 hours before starting the study, a breakfast of milk, cereal, and 'This study was assisted by a grant from the Cleveland Area Heart Society. Usually the initial observations were made in the lateral recumbent position. One hour after starting oral hydration and one-half hour before starting the first collection period the patient was limited to lying on her side. Two to three collections were made while she was lying in the lateral recumbent position and then the subject was turned on her back, the head being maintained at the same level. After three to six collection periods on her back she was returned to her side for two or three periods. In a few studies the opposite approach was used, starting with the patient on her back, then turning her on her side, and finally returning to her back.
In studying two normal near-term pregnant and two normal post-hysterectomy subjects blood pressure cuffs were applied loosely high on each thigh prior to study.
Initially, two to three observations were made with the patient in the supine position and then she was turned on her side. After three to four periods on the side the blood pressure cuffs were inflated and their pressures maintained at 40 to 60 mm. Hg. After three to four periods the pressure was released and with the patient still on her side two or three more collections were made.
Brachial arterial blood pressures determined with a cuff and the radial pulse rates were measured at the time of administration of water and at the end of each urine collection period. Care was taken to maintain the comfort of the patient and to minimize apprehension.
OBSERVATIONS
Urine flow in the lateral recumbent position ranged from 4 to 12 ml. per minute. In this posi-777 In 22 of the 24 studies on 18 near-term pregnant women the supine position compared to the lateral recumbent was associated with moderate to marked and nearly parallel reductions in the rate of urine flow and sodium excretion (Table I, II) . The excretion of potassium, in general, was moderately decreased but the changes were much more variable than for sodium and water. Little difference was found in the effect of the supine position on RPF, GFR, sodium excretion, or urine flow between the normal and toxemic pregnant groups. The responses of RPF and GFR to the supine position showed considerable variation from patient to patient. Three patterns were noted. In some there was an appreciable decrease in RPF and GFR which was maintained throughout the supine periods. A typical example is shown in Figure 1 . In others there was an initial drop in RPF and GFR followed by recovery even though the supine position was maintained and sodium and water excretion continued to be depressed. A third group, while developing significant decreases in sodium and water excretion during the supine periods, showed no real change in RPF or GFR.
The decreases in water and sodium excretion while lying on the back were usually not immedi- ately maximal but became so only after 10 to 20 minutes in the supine position; when the patient again was placed on her side, recovery frequently was similarly delayed. Figure 1 demonstrates a typical response. In the two patients in whom no reduction in RPF, GFR, sodium excretion, or urine flow was noted while supine, the studies were carried out more than once. One (L. B., Table II ) on two other occasions, one week before and one week after, showed significant decreases in the supine position. The other (J. V., Table II ), when placed in the supine position, demonstrated a marked decrease in water and sodium excretion the first time studied but 24 hours later failed to show a similar response.
Positional alteration from side to back in the two women with large abdominal neoplasms arising from the pelvis (Table III) produced changes in urine flow, sodium and potassium excretion and GFR as estimated by the clearance of endogenous creatinine comparable to those seen in the near- term pregnant subjects. In the seven patients who either had been delivered or who had undergone hysterectomy 7 to 10 days before study very little change was noted in these components of renal function when the recumbent subjects were turned from the side to the back (Table IV) . Two subjects (B. J., Table I , and K. S., Table  II ) showed functional alterations in the supine position almost identical to those previously observed in each, although ureteral compression by the pregnant uterus had been made virtually impossible by the presence of large-bore heavy-walled ureteral catheters inserted bilaterally into the ureters well beyond the level of the brim of the pelvis.
Sodium and water excretion while supine was compared to the excretion during femoral venous compression in the lateral recumbent position. Four women, two near-term pregnant and two non-pregnant, were studied. In the recumbent pregnant group the shift from the back to the side resulted in an appreciable increase in urine flow and sodium excretion but in the non-pregnant subjects the same change of position produced no change. While remaining in the lateral recumbent position, blood pressure cuffs high on each thigh were inflated to subdiastolic pressures of 40 to 60 mm. Hg. In all women, pregnant and non-pregnant, this was followed by a significant fall in sodium and water excretion. Release of the cuff pressure resulted in recovery. The observed changes in one near-term pregnant woman are shown in Figure 2 .
DISCUSSION
There are many possibilities regarding the genesis of these marked -reductions in urine flow and sodium excretion observed in the supine subject with a large pregnant uterus or with a large abdominal tumor arising from the pelvis. Among them are compression of the iliac veins at the pelvic brim, compression of the inferior vena cava either below or above the level of the renal veins or both, compression of the extrarenal portions of the renal veins, or compression of the kidney itself. Not encountered in any of these subjects and therefore excluded as a cause was the so-called supine hypotensive syndrome, in which merely positioning a woman late in pregnancy on her back results in arterial hypotension (6) . Any ureteral compression at the brim of the pelvis produced by the large pregnant uterus did not appear to cause the reductions in sodium and water excretion in the supine position since in two cases the presence of large-bore heavy-walled ureteral catheters failed to inhibit the effects of the supine position on the excretion of sodium and water.
Bradley and Bradley (7) observed that the elevation of intraabdominal pressure by means of an inflated balloon strapped to the abdomen of normal subjects produced changes in renal function quite similar to those found in these supine nearterm pregnant women and women with large abdominal tumors of pelvic origin. They observed a sharp fall in urine flow accompanied by somewhat more variable decreases in RPF and GFR. Farber, Becker, and Eichna similarly studied renal function before and during congestion of the inferior vena cava using a venous catheter with an attached inflatable balloon (8) . Following inflation of the balloon there were changes in renal function similar to those noted by Bradley and' Bradley and those observed in the supine women. The degree of change was less marked if the venal caval congestion was produced below the level of the renal veins than if it was created above that level. Other investigators, by applying tourniquets to the thighs at subdiastolic pressures to cause femoral venous compression, produced comparable changes in the excretion of sodium and water (9, 10) .
Femoral venous pressures have been observed in non-pregnant subjects to be only slightly increased in the supine position whereas in term pregnant individuals in the supine position they are almost twice as great as in the lateral recumbent position (6) . The similarities in the changes in renal function noted in the present experiments in supine subjects with either large pregnant uteri or with large pelvic tumors to the changes produced by the compression of either the inferior vena cava or the femoral veins suggest that the decreases in sodium and water excretion in the supine position may also result from comparable venous compression.
The extent of the venous pressure elevation above the femoral veins in supine pregnant women does not appear to have been investigated.
Whether this position results in venous pressure elevations only in the tributaries distal to the inferior vena cava at and below the level of the brim of the pelvis or whether there is also augmentation of venous pressure in the vena cava and renal veins when supine is not known. Studies in progress include the measurement of pressures in the supine position at various levels of the inferior vena cava by means of venous catheters. It is hoped that by such studies it will be possible to account for the occasional absence of reduction in water and sodium excretion in near-term pregnant women in the supine position, for it is conceivable that the degree of venous compression by the uterus and its contents may vary not only from subject to subject but also may vary in the same subject at different times depending on the anatomical relationship of the fetus and uterus to the venous return system.
SUMMARY
Shifting near-term pregnant women from lying on their sides to lying on their backs resulted in a considerable decrease in the rate of excretion of water and sodium. The excretion of potassium and effective renal plasma flow and glomerular filtration rates usually were not as markedly affected.
The renal response to the supine position was not peculiar to pregnancy for similar changes were observed in women with large abdominal neoplasms pelvic in origin.
The mechanism by which these changes were produced remains somewhat obscure but appears to involve venous compression rather than ureteral obstruction.
